Hydrophobic-cluster analysis was used to characterize a conserved domain located near the C-terminal amino acid sequence of wheat (Triticum aestivum) storage proteins. This domain was transformed into a linear template for a global search for similarities in over 5200 protein sequences. In addition to proteins that had already been found to exhibit homology to wheat storage proteins, a previously unreported homology was found with non-specific lipid-transfer proteins from castor bean (Ricinus communis) and from spinach (Spinacia oleracea) leaf. Hydrophobic-cluster analysis of various members of the present protein group clearly shows a typical domain structure where (i) variable and conserved domains are located along the sequence at precise positions, (ii) the conserved domains probably reflect a common ancestor, and (iii) the unique properties of a given protein (chain cut into subunits, repetitive domains, trypsin-inhibitor active site) are associated with the variable domains.
INTRODUCTION
Hydrophobic-cluster analysis (HCA) has recently proven to be a very powerful and straightforward method for comparing and aligning protein sequences [1, 2] . In the case of distantly related proteins, this technique, derived from the theory of Lim [3] , helps in finding homologous domains hardly detectable otherwise. We have applied this method to a group of seed storage proteins whose homology is difficult to assess with classical methods because of large variations in their lengths (from less than 100 to more than 600 amino acid residues). Plant seeds are a major source of proteins that are believed to have no other physiological role than the supply of nitrogen during germination [4] . Prolamins are the storage proteins of cereal seeds. They are polymorphic, and can be divided into several groups each containing structurally related proteins that are encoded by a complex multigenic locus [5] . Wheat (Triticum aestivum) prolamins can be classified into genetically distinct groups such as a-, y-and w-gliadins and highMr and low-Mr glutenins [6] . Each of these groups is constituted of homologous proteins that also display inter-group homologies [6] . Particularly, three domains have been identified as being conserved not only among wheat, rye (Secale cereale) and barley (Hordeum vulgare) prolamins, but also among other seed proteins from some monocotyledonous and dicotyledonous plants [7] . It has thus been suggested that the structural genes for all these proteins evolved from a single ancestral gene probably encoding a proteinase inhibitor [7] .
We have applied HCA to characterize a highly conserved domain located near the C-terminus of wheat prolamins. This domain has been transformed into a linear 'template' for a global search for similarities in over 5200 protein sequences. In the present paper we report the finding that lipid-transfer proteins from plants show significant domain homology with prolamins and other plant storage proteins.
METHODS

Computer analysis of sequences
Sequence data were stored, manipulated and analysed with PC/Gene programs (Genofit, Geneva, Switzerland) running on an IBM-PC compatible microcomputer. Scans through the SWISS-PROT protein sequence data bank [8] were performed with the PESEARCH program, where the sub-sequence to be searched can be defined with all possible ambiguities. Programs FSTPSCAN and SCANSIM were then used to evaluate homologies on the set of sequences found with PESEARCH. FSTPSCAN is based on the method developed by Lipman, Pearson and Wilbur [9, 10] . SCANSIM uses the method of Needleman & Wunsh [11] as implemented by Dayhoff [12] and Feng et al. [13] . Both programs were used with matrix scoring systems that take into account the structural similarities of amino acids as well as the likelihood of interchange [13] , and also the statistics of the accepted point mutation in closely related protein sequences [14] .
HCA plot
A simplified two-dimensional sequence representation was done as described in ref. [1] except that here an ohelix having 3.66 amino acid residues per turn was used. In our representation after three turns residues i and i+ II have similar positions, whereas in the original HCA plot residues i and i + 18 have similar positions after five turns [1] . Fig. 1 Modified HCA plot: Table 1 . Protein sequences found to have an L-P-X-X-C-X-(V or I or L or M or F or W) sub-sequence For conciseness, the wheat protein sequences that had been used for defining the sub-sequence have been omitted. The scan was performed with the program PESEARCH on the SWISS-PROT sequence data bank [6] manually supplemented by the sequences denoted by an asterisk (*). The A + Q entry represents the amount of Ala + Gln found within the 20 residues preceding the subsequence. The P + GG entry represents the amount of Pro or Gly-Gly found within the five residues following the sub-sequence. [7, 24, 25] , but quite unexpected was the finding, among these sequences, of two lipid-transfer proteins from spinach (Spinacea oleracea) leaf [22] and from castor bean [23] . HCA plots of the two lipid-transfer proteins are presented in Figs. 3(a) and 3(b) . They were divided into domains numbered from I to IX. The strong homology of these proteins is obvious and probably reflects a similar folding. This is most probably related to the functional property shared by these two proteins, which promote lipid interchange between membranes [26] . This unusual function involves a reversible binding of lipids in the protein; this has been already observed with lipidtransfer proteins from castor bean, spinach and maize [27] [28] [29] . Comparison with the HCA plot of the seed storage protein from castor bean (Fig. 3c) reveals that the homology is not limited to the C-terminal domain, but spans throughout the whole sequence. Domains II, IV, VI and VIII (with the exception of its C-terminal extremity) are well conserved and alternate with domains that display variability (domains I, III, VII and IX) or that are absent (domain V). The same conservation/ divergence pattern is also observed with the other proteins of this family, as illustrated by a high-Mr glutenin (Fig. 3d) and a trypsin inhibitor from maize Vol. 255 (Fig. 3e) . However, in this last case the polypeptide chain seems to be interrupted within variable domain VII, since domain VIII could not be detected. This explains why no trypsin inhibitor was found in the above databank screening, since the template that was used corresponded to domain VIII. It is worth mentioning that a significant domain homology was also found between the above proteins and a soya-bean (Glycine max) hydrophobic protein (Fig. 3f) . Similarly to the trypsin inhibitor, this soya-bean protein sequence seems to be interrupted within domain VII, since domain VIII is absent. This illustrates the capabilities of HCA as compared with classical methods, which failed to detect sequences significantly homologous to the soya-bean hydrophobic protein, which was therefore reported to represent a hitherto unknown protein family [34] .
The present protein family appears to be characterized by a peculiar domain structure where variable and conserved domains are located along the sequences at precise positions. The ig. 3 . HCA piots of various plant protein sequences (a) Lipid-transfer protein (spinach leaf) [22] ; (b) lipid-transfer protein (castor bean) [23] ; (c) storage protein (castor bean) [30, 31] ;
(d) high-M, glutenin (wheat) [32] ; (e) trypsin inhibitor (maize) [33] ; (1) In the case of the lipid-transfer proteins from plants, nothing is known on the location of the lipid-binding site. However, it is reasonable to assume that such a site should be conserved in the two lipid-transfer proteins examined here, and, conversely, should be absent from the other proteins, which lack the lipid-transfer function. Our observations on the different domains of spinach and castor-bean proteins led us to consider that a possible binding site for lipids could correspond to domain VII or to the C-terminal extremity of domain VIII or to a combination of both.
CONCLUSION
A drawback that had been identified in the HCA is the manual handling of the plots, which prevents direct databank screening [1] . This was overcome here by the linearization of the information found within a given domain, followed by a classical search in a data bank. The present work shows that HCA is well adapted to the comparison of proteins displaying homologous domains separated by variable domains of any length.
The two lipid-transfer proteins identified here not only arise from different plants (castor bean and spinach) but also from different plant organs (seed and leaf). Their good overall homology indicates that these lipid-transfer proteins are members of a family of structurally related proteins, as are cytochromes, lysozymes etc. Since these proteins also show domain homology with cereal prolamins, they also belong to the superfamily defined by Kreis et al. [7] . It is therefore tempting to conclude that certain seed storage proteins and the lipid-transfer proteins examined here derive from a common ancestor. Whether the sequence homology between these proteins can be related to a folding and/or a functional similarity remains, however, to be demonstrated.
